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solves the integral transport equation in a 39 groups structure, using 
the first collision probability formalism. 
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subroutine developed by Carlvik which deals with a two dimensional 
cluster geometry. 
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A NEW METHOD FOR CLUSTER-TYPE FUELLED LATTICE CELL CALCULATIONS ' 
INTRODUCTION 
The fuel elements used in most of the heavy water moderated 
pover reactors are characterized by a markedly heterogeneous 
structure which requires a very refined description of the 
spatial distribution of neutron events. 
Since 1362 an important program at Ispra has been devoted to 
the assessment of calculational methods for solving the eigen-
value problem in such a reactor cell. The results of this 
work have been reported by Amyot et al.(1). 
Several calculational methods have been set-up and checked 
against experimental results. Two lattice calculation codes 
PLUTHARC0(2) and PIN0CCHI0(3) are being used and continuously 
developed. 
The first code PLUTHARCO, intended for survey studies, is based 
on correlation techniques and a phenomenological description. 
With the second code, PINOCCHIO, an attempt has been made to 
set-up a model which gives a detailed description of the neutron 
physics in the cell without having to make adjustments in the 
broad group data in order to achieve the desired agree-
ment . 
Essentially, PINOCCHIO solves the eigenvalue problem for the 
infinite lattice in a multigroup energy structure. A limited 
number of well defined cluster geometries can be treated by 
the code, which uses the first flight collision probabilities 
approach in the integral transport equation applied to the cell 
*) Manuscript received on 18 September I969. 
homogenized in annular regions with a cylindrical outer boundary. 
The HEROIC code, which is described in this report, is substan-
tially based on the PINOCCHIO scheme, but it uses a generalized 
cylindrical cell geometry treatment so that clusters can be treat-
ed without any homogenization. Furthermore, the code is no longer 
limited to the description of a restricted number of fixed cluster 
geometries. Radial and azimuthal subdivisions of both the pins 
and the coolant are allowed. 
Collision probabilities are calculated by means of the CLUCOP 
subroutine developed by Carlvik (4) which deals with a two-
dimensional cluster geometry. 
Due to the fact that in the thermal region it is not obvious 
how the cluster geometry can be simplified and the fact that 
homogenization always introduces additional sources of errors, 
the main interest of the HEROIC calculational scheme is in the 
prediction of thermal events, and, consequently, it can be used 
as a reference for the test of homogenization procedures. The 
results of the code are compared with fine structure measurements 
performed at Ispra and elsewhere, and it is shown that thermal 
activation distributions are well reproduced. 
1. GENERAL 
The HEROIC code is a multi-energy group program solving the eigen-
value problem in a reactor cell with a cylindrical outer boundary. 
The rest of the cell geometry is generally cylindrical so that 
the cluster geometry can be treated without any intervening homo-
genization. The program is subdivided in four major parts. 
In the first part, the calculation of macroscopic cross sections 
from input and library data is done. This part includes the eva-
luation of Dancoff coefficients and resonance integrals. The energy 
group structure is fixed, and the limits of the groups are given 
in table 1. 
In the second part, the collision probability matrix is set-up. 
The eigenvalue equations are solved in the third part, producing 
the flux distribution in space and energy. In the final part, 
this flux distribution is used to calculate region-averaged 
macroscopic reaction rates in each group and in three standard 
sets of groups: "fast","epithermal" and "thermal". Macroscopic 
reaction rates for fissile and fertile isotopes and for individual 
isotopes specified by the user are also calculated. 
Intensive and extensive parameters of the cell, few group para-
meters for the homogenized cell, and all the parameters which 
are generally compared with experiments are calculated in this 
last section. 
2. DATA LIBRARY AND RESONANCE CROSS SECTIONS 
The library of HEROIC is exactly the same library available to 
the PINOCCHIO code. Cell cross section data, except for the re-
sonance integrals, are taken from the GAM-II (5) library for 
the fast and epithermal region and the GATHER-II (5) library 
for the thermal range. However, the 2200 m/s constants for U-233, 
U-235, Pu-239 and Pu-241 have been extracted from the 1965 study 
of Westcott (6). To construct the HEROIC library in the group 
structure described in table 1, an energy condensation was 
performed with the help of GGC-II(5) (for an ideal homogeneous 
system consisting of D O and natural uranium). 
6 -
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Diagonal transport corrections are included. Energy exchange be­
tween thermal groups in heavy water, light water and graphite is 
accounted for through the Nelkin - Honeck, the Nelkin and the Parks 
kernels, respectively. A kernel developed at Ispra (7) describes 
the interactions with the hydrogen atoms bound in the organic 
molecule. As in PINOCCHIO, resonance cross sections in a given 
group are defined simply as being equal to the resonance integrals 
in the group divided by the lethargy width of the group. 
Resonance integrals are average values for the cluster obtained 
by a best fit (8) (9) of the results of the ZUT and TUZ Nordheim's 
method in the form I = A + Β ySeff/M. 
In the case of Uranium-235, a slightly more complicated correlation 
has been developed (10). No attempt has been made to distribute 
resonance capture in different pins, i.e., inner pins are given 
a resonance integral equal to that of outer pins. 
As suggested by Levine the effective surface is calculated as 
li 1 + 0.1 c f* g 
where ρ is the fuel density, r the rod radius and C the Dancoff 
coefficient. 
The Dancoff coefficient can be obtained from the fuel to fuel 
collision probabilities in the limit of black fuel as proposed 
by Leslie (11) and is defined as 
where V and : are the total fuel volume and surface and Lp 
is determined by the asymptotic expansion of P(f,f,) for large 
values of the total macroscopic cross section. 
8 -
P(f,f) is calculated by the CLUCOP subroutine assuming a total 
cross-section, X_ = —-— for the fuel where r is the radius 
f 2r 
of a pin. 
3. NEUTRON TRANSPORT AND EIGENVALUE PROBLEM 
Neutron transport is described by means of first flight collision 
probabilities. The program is limited to isotropic scattering in 
the laboratory system (transport corrections are made when preparing 
the data library). 
The method used for calculating the collision probabilities is that 
described by Carlvik (4) and is included in the CLUCOP code. It 
is similar to the one used in the PIJ routine (12). 
The equations for the method of collision probabilities have been 
formulated by Amyot et al. in ref. (3) where the eigenvalue problem 
has been discussed. 
The space-energy distribution of the flux for the infinite lattice 
is calculated with reference to one neutron produced by fission 
occuring below a given energy limit. 
The collision probability equations for the thermal energy groups 
are solved with the iterative scheme proposed by Honeck (13) 
(ITER subroutine of the THERMOS code). 
The infinite multiplication factor is defined in the framework of 
a four factor formula, corrected to allow for epithermal fissions 
K»-£ [pnfÄ ' 0-tì«iU 
Cell-averaged cross sections are then produced. The cell averaged 
diffusion coefficients are calculated by the Benoist (14)formula. 
Assuming that the buckling remains constant as a function of 
energy, the criticality equations are solved in the form 
- 9 -
Σ tfmo φη * Β*Φ„ 
(Λ 
where „ι _ , ν 
*» - tf te. *.-*«] 
C is the number of neutrons appearing in group η at each 
collision in group m;X is the cell-averaged collision cross-
section; Zi the cell averaged removal cross-section. D the 
rn β η 
cell averaged diffusion coefficient. 
Once the material buckling and the flux spectrum have been ob­
tained, the Keff of the system can be defined« as 
4' 1(2». up) φ. 
fl " 
where all reaction rates are referred to one neutron existing (or 
produced in) the system. 
4. COMPARISON WITH EXPERIMENTAL RESULTS 
4.1. Thermal Fine Structure Measurements 
The HEROIC code has been tested on thermal fine structure meas­
urements of the neutron density. 
Tables 2 and 3 give the results for the seven rod cluster fuel 
element (carbide fuelled, diphyl cooled) and for the 19 rod 
cluster ECO fuel element (U metal fuelled and diphyl cooled). 
Fig. I gives the layout of the 19 rod cluster and subdivisions 
used in the calculation. Table 4 gives the results &>τ the CIRENE 
19 rod cluster (UO fuelled, polystirene cooled D O moderated) 
and table 5 gives the comparison of the fine structure of the 
thermal neutron density for the Marviken 37 rod cluster (UO 
- 10 
fuelled, D O cooled and moderated) (Fig. II). 
For this case the theoretical results obtained by the CLEF 
Swedish code (18) are also given. 
4.2. Neutron Balance Measurements 
The HEROIC code has been used for the comparative analysis of 
substitution and zero-reactivity measurements performed at 
Ispra, on ECO and at Montecuccolino, on RB-1, respectively. 
In fact, the comparison between substitution and zero reacti-
vity techniques is not straight-forward because the measured 
quantity is the material buckling in the former type of experi-
ment and in K-inf in the latter type. 
In table 6 the results of such a comparison in terms of K-inf 
are given with leakage calculations performed by the two lattices 
codes PINOCCHIO and HEROIC. 
From the comparison given in table 6 it appears that, when a 
particular accuracy is needed for the interpretation of neutron 
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Fig. I - Details of the detector arrangement in the 
ECO clustered fuel element for the average 
flux measurements (dimensions in mm) 
- 12 -
Table 4 
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Fig. I I ­ Marviken b o i l e r t e s t e lement . 






Cu-63 activation distribution for the Marviken 
boiler test element (37 rod cluster, D O mod. 

































































A comparison of leakage calculations performed by 


































5. SPECIFICATION OF THE CELL GEOMETRY 
The composition of the materials which constitute the cell is 
expressed in the HEROIC input in terms of atomic densities 
(nuclei/barn cm.). A maximum of ten materials can be considered. 
If one of the materials is the void (atomic density equal zero) 
the corresponding macroscopic cross sections is defined by the 
5 code as equal to 0.9.10 . 
The following rules should be followed for the subdivision 
of the cell in regions. 
a) The fuel pins include fuel and canning, and may be subdivided 
by concentric circles and by diameters. 
a) The coolant and the moderator may be subdivided by concentric 
circles and by radial lines between these circles. 
c) Region numbers in the pin should start in the innermost 
annulus. 
d) If an annulus is lirther subdivided by diameters, these diameters 
should be specified by giving their angles (in positive orientation) 
with the line through the cell centre and the pin centre. In 
this case the numbering of the sectors in the annulus starts 
in that sector which has the smallest (in degrees ) specified 
diameter as its lower boundary (zero included). 
e) The regions numbering inside a pin is always immediately 
precedent at the number of the coolant region in which the 
centre of the pin is placed. 
f) In the coolant and moderator zones, region numbers start at 
the innermost regions. 
15 -
g) If an annulus in the coolant or moderator zones is subdivided 
by radii, the numbering is done in a recurrent sector in positive 
orientation. 
Fig. Ill gives an example or regions numbering. 
ISOTOPES AND LIBRARY 
A list of the isotopes that are included in the present version 
of the code library is given in table 7. Each isotope is identi­
fied by two identification numbers (ex. 14002 40). The seven 
numbers (xyzzz cc) which compose the identification are chosen 
in the following way: 
χ = 0 : microscopic thermal cross-sections do not depend 
on temperature (non-moderator isotope) 
= 1 : microscopic thermal cross-sections depend on tempe­
rature, that is,the isotope is present in the libra­
ry at several temperatures (moderator isotopes) 
y = cxy*9 : identifies the model used in the scattering 
kernel at thermal energies. If χ = 0, y = 0 or 
blank 
zzz : identifies the isotope 
cc : isotope temperature in (°C).(=27 for the isotopes 
in ambient temperature). This number is not given 
in input for each isotope, but it is assigned to 
each material, as it is clear that all isotopes 
which belong to the same material are at the same 
temperature. Special attention must be paid in the 
control if these isotopes are included in the 
library at the asked temperature. For χ = 0, cc 
is always assumed, by the code, equal to 27°C. 
- 16 
The number zzz is also used by the code for the identification 
of the resonance isotopes in the fuel. For these isotopes 
(defined resonant in the input data) the coefficients for the 
resonance integrals calculation are read from library (see section 
III of the table 7 ). Through the resonance integrals the micro-
scopic scattering and capture epithermal cross sections are 
obtained. 
Therefore, the HEROIC library is divided into 3 sections: 
a) thermal cross sections 
b) fast and epithermal cross sections 
c) resonance integrals coefficients 
The total number of isotopes present in the cluster must be 
^· 50 : in the evaluation of this total number, both the identi-
fication numbers have to be considered, that is to say for 
example that (12001 27) and (12001 70) will be considered by the 
code as two isotopes. 
FEW-GROUP PARAMETERS 
Few-group macroscopic cross sections for use in diffusion calcula-
tion and three groups heterogeneous parameters for use in the 
SOS code are calculated by HEROIC. 
The parameters are averaged values for channel (fuel element 
and tubes), moderator and cell: they are calculated only if 
the calculation of the three-groups macroscopic cross sections 
is requested (see Input Data, word AVE, card 2). Broad group 
limits for few-group parameters calculations must be given 
in input by following this rule: from high to low energy, for 
each group, the lower energy limit must be specified in the 
17 
input data, by giving the ordinal number corresponding to the 
lower HEROIC fine group in the broad group (see table 1). 
8. CODE LANGUAGE AND SYSTEM 
HEROIC, written in FORTRAN IV, can be run on a normal IBM 360/65 
following the O.S. nominator, in the HASP system, with overlay 
organisation. The total number of bytes occupied is 4» 284.000, 
including library subroutines and special functions. The compiler 
used is FORTEAN H (level zero). 
9. EXECUTION TIME 
The mean time for a typical cell calculation mainly depends on 
the accuracy asked for the collision probabilities calculation. 
The input data parameters for this accuracy, are the number of 
integration lines and angles (directions) (see input data,word 
ACC,card 2). Besides, for the same number of lines and directions, 
the execution time is proporzionai to the regions number (see 
input data,word GEO , card 2). Table ,8 shows the approximate 
times of execution for several numbers of lines and angles. 
As example, the execution time for the sample case is about 
of 7.3 minutes. In this case the execution time necessary 
for the collision probabilities calculation (39 groups, 14 
regions, 10 lines, 2 angles) is about 5 minutes. The HEROIC 
code gives, for this, the progressive times, in seconds, at 
the end of the subroutines INDAT, INLIB, REGION, AREA, GEOM, 
BOUND, GLUCOP, RISON, GROUPS, B0UND1, COLLIS, MAIN (see flOW-
diagram). 
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The execution time is slightly reduced in the cases after the 
first if the word MAT (see input data) is not changed. In fact 
in this case, the library tape must be read completely only 
once to locate the isotopes of interest (see flow-diagram). 
10. INPUT DATA SPECIFICATION 
The HEROIC INPUT is controlled by directive words defining 
different data blocks. 
The directive words are the following:TIT, GEO, MAT, ASS, 
ACC, ALB, AVE, STA, END. 
These words are punched starting in card column 1. 
The data blocks must be given in the same order as the directive 
words in the list and, besides, for successive cases, is not 
necessary to repeat all the input data, but only the directive 
words, with the corresponding data block, that are to change. 
10.1. Title Card (TIT) 
Card 1 FORMAT (A3) 
cols. 1 - 3 Specify the word TIT, which defines the data 
block 
Card 2 FORMAT (18A4) 
cols. 1 - 72 Alpha-numeric text (not ji or ·)· Should always 
introduce a new data case. 
10.2. Geometry Cards (GEO) 
Card 1 FORMAT (A3) 
cols. 1 - 3 Specify the word GEO which defines the block 
Card 2 FORMAT (615) 
cols. 1 - 5 NRG, the number of regions in the cell. 
NRG ^ 30. 
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cols. 6-10 NDR, the number of different pin-types with regard 
to radial subdivision (by concentric circles). 
1 ^ NDR<20. 
cols. 11-15 NDS, the number of different "pin-types with 
regard to sectorial subdivision (by diameters). 
Set zero if no subdivision of this kind is wanted 
0<NDS<20 
Cols. 16-20 NP, the number of pin-rings. A pin-ring is a 
number of pins of the same type and nuclear 
composition which are equally spaced on a circle 
around the cell centre. Analogous parts in the 
different pins of pin-ring have the same region 
numbers. 1<NP^20. 
cols. 21 - 25 NCORA, the number of radii concentric with the 
cell boundary (subdivision in radial zones of 
the coolant and moderator zone). 1^NC0RA«30 
cols, 26 - 30 IKYL, the number of annuii in which subdivision 
by radial lines is wanted. An annulus of this 
kind may consist of one or several annuii formed 
by the CORA; (see card 7). 0^IDYL ^ 20. 
Card 3 FORMAT (8E10.0) 
- PIRAI. . j=1 K., the radii of the pin-type i. 
ι J t ι 
The radii must be given in increasing order and 
the last will be the pin radius or the external 
radius of the canning, if there is. The radius 
PIRAI./ , equal to zero or blank indicates 
the end of the set. K.«30. 
20 ­
Card 3 is repeated NDR times (see Card 2) 
Card 4 FORMAT (8E10.0) 
VINGI. . j=1 L., the diameters dividing the pin­
i J » ι 
type i in sectors. The diameters must be given in 
degrees in positive orientation from the line through 
the cell centre and the pin centre. The diameter WINGI.,, „N equal ¿ero or blank indicates the end i(l.+ 1) 
of the set. L.^ 30. 
Card 4 is repeated NDS times (see Card 2) 
Card 5 FORMAT (515) 
cols. 1 ­ 5 NPAN., the number of pins in the pin­ring i. 
cols. 6 ­10 NPIS., the type of pin with respect to radial sub­
division in the pin­ring i. Specify a number 1 
to NDR (see Card 2) 
cols. 11 ­15 NPID., the type of pin with respect to sectorial 
subdivision in the pin­ring i. Specify a number 
0 to NDS (see Card 2). Zero means no subdivision 
of this kind (NDS = 0). 
cols. 16 ­20 NS. ι 
Value Meaning 
0 The pins of pin­ring i have not the same 
region numbers as a pin­ring K(K<i),i.e. 
the ring introduces new region numbers. 
1 The pins of pin­ring i have the same region 
numbers as a pin­ring K (K<i). 
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2 The pins of pin-ring i have the same region 
numbers as a pin-ring K (K<i) but reflected 
in a line through the cell centre and the pin 
centre, 
cols. 21 - 25 NF., the pin-ring K(K<i) (see NS.) is the (i-NF.)th 
Specify only if NS. * 0. 
Card 6 FORMAT (3E10.0) 
cols. 1-10 RIRA., the radius of the pin-ring i. Different 
pin-rings may have the same radius 
cols. 11-20 PIP., the position of a pin in the pin-ring i. 
Specify in degrees from the boundary of the 
integration sector, which must be a symmetry 
axis of the cell, 
cols. 21 - 30 RHO., the fuel density in the pin- ring i (gr/cm ). 
Cards 5 and 6 are repeated NP times (see Card 2), starting in the 
cell centre. 
Card 7 FORMAT (8E10.0) 
CORA., i = 1 NCORA (see Card 2), the radii 
concentric with the cell boundary, starting in 
the centre. Avoid exact coincidence with the 
radii RIRA (see Card 6). i 
Card 8 FORMAT (315) 
Only if IKYL > 0 (see Card 2) 
cols. 1 - 5 NDEL., the number recurrent sectors of the annulus i. 
ι 
cols. 6-10 IDEL., the recurrent sector is divided in IDEL. 
subsectors. 2* IDEL.* 20 
- 22 -
COlS. 1 1 - 1 5 ISYM. 
Value Meaning 
1 The regions of the recurrent sector are 
all different (no symmetry) 
2 The sector is symmetric (see Fig. Ill) 
Card 9 FORMAT (3E10.0) 
Only if IKYL>0 (see Card 2) 
cols. 1 - 1 0 RADA., the inner radius of the annulus i. 
ι 
cols. 1 1 - 2 0 RADB., the outer radius of the annulus i. RADA. 
1 1 and RADB. must coincide with the CORA, (see Card 7) ι χ 
cols. 21 - 30 AIN., the starting position for a recurrent sector. 
Specify the lower angular boundary in degrees. 
Card 10 FORMAT (8E10.0) 
Only if IKYL>0 (see Card 2) 
ANGLE. . j=2 IDEL. (see Card 8), the inner angular 
ι J » ι 
boundaries in the recurrent sector of annulus i. 
Restriction: ANGLE. . and the sector boundaries must 
not intersect the pins but through the pin centre 
Cards 8, 9 and 10 are repeated for IKYL times (see Card 2) start­
ing in the centre. 
Card 11 FORMAT (2E10.0) 
cols. 1 - 1 0 G, the integration angle (in degrees). 45° for a 
quadratic cell, 30° for an hexagonal cell 
cols. 1 1 - 2 0 B2EX, the experimental buckling to be used in the 
Keff calculation (leakage terms). 
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10.3. Isotopes and Materials Cards (MAT) 
Card 1 FORMAT (A3) 
cols. 1 - 3 Specify the word MAT, which defines the data block 
Card 2 FORMAT (1215) 
cols. 1 - 5 NMAT, the number of materials. NMAT^IO 
cols. 6 -10 NE, the number of isotopes present in the cell 
NE < 50 
- IEM. j=1....NMAT, the temperatures of the materials. 
J » 
IEM. is the second identification number (cc) for 
J 
the isotopes belong to the material j (see Isotopes 
and Library) 
Card 3 FORMAT (1315) 
cols. 1 - 5 ISTBA., the first identification number (xyzzz) 
for the isotope i (see Isotopes and Library) 
cols. 6 -10 IRIS, 
Value Meaning 
0 The isotope do not require a resonance 
integral calculation 
1 The isotope requires a resonance integral 
calculation 
cols. 11 -15 ICON, 
Value Meaning 
0 The fission (if there is) and absorption 
reaction rate for the isotope i are not 
calculated and printed 
1 The fission (if there is) and absorption 
reaction rate for the isotope i are calcu-
lated and printed. 
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for 232<ISTBA « 242 the reactions are alway 
calculated. 
For NOP = 0 (see word ACC, Card 2) put always 
ICON = 0. 
- ISMAT. j=1....NMA, the material code number (see ASS, 
J » 
Card 2); NMA is the number of the materials in which 
the isotope j is present. ISMAT.^NMAT 
Card 4 FORMAT (8E10.0) 
DENS. j=1 NMA, the density (nuclei/barn cm) of the 
J » 
isotope i in the materials in which it is present. 
NMA is defined in the preceding card. 
Card 3 and 4 are repeated for NE times (see Card 2) 
10.4 The Assigning of Materials to Space Regions (ASS) 
Card 1 FORMAT (A3) 
cols. 1 - 3 Specify the word ASS, which defines the data block 
Card 2 FORMAT (12, 13, 1515) 
cols. 1 - 2 IMA, optional data; this number can be used to identify 
the material but it is not read by the program. In fact 
the n card of this type corresponds to n material 
(n=1 NMAT). 
- NREG., the region numbers associated with the material 
«J 
code number IMA; - 1 indicates the end of the set 
Card 2 is repeated NMAT times (see word MAT, Card 2) 
10.5 Accuracy of Integration (ACC) 
Card 1 FORMAT (A3) 
cols. 1 - 3 Specify the word ACC, which defines the data block 
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Card 2 FORMAT (915) 
cols. 1 - 5 NIG, the types number of integration intervals 
over the cluster (generally = 1) NIG-^5 
NINT. i = 1 NIG, the number of integration lines 
drawn for each type of integration interval i. 
- INTG, the number of Gauss-points in each annulus 
of the moderator. INTG<4 
- NANG, the number of integration angles (directions). 
- NOP, the output indicator 
Value Meaning 
0 Reduced output (see flow-diagram) 
1 Complete output 
Card 3 FORMAT (5E10.0) 
- BINT, i = 1 NIG, the outer radial boundary 
for each type of integration interval i (see Card 2). 
BINT, must coincide with one of the CORA. ( see ι ι v 
word GEO, Card 7). 
10.6 Albedo Value (ALB) 
Card 1 FORMAT (A3) 
cols. 1 - 3 Specify the word ALB, which defines the data block 
Card 2 FORMAT (2E10.0) 
cols. 1 -10 ALBEDO, the albedo for the cell boundary, i.e. 
the probability that a neutron, which has crossed 
the cell boundary, will return, 
cols. 11 -20 EPS, the convergence criterion for the neutron 
density in the thermal flux calculation. If 
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EPS = 0 or blank the standard option EPS = 10 
is used by the code 
10.7 Few-group Parameters (AVE) 
Card 1 FORMAT (A3) 
cols. 1 - 3 Specify the word AVE, which defines the data 
block 
Card 2 FORMAT (1215) 
cols. 1 - 5 NRC, the number of the outermost region of the 
channel (fuel element and tubes). Generally 
NRC = NRG-NMOD. NRG = total regions number 
(see word GEO, Card 2). NMOD=radial and sectorial 
regions number in the moderator zone. 
cols. 6 -10 NRCM, the few-group number wanted. NRCM<10 
NGRP i=1 NRCM, the few-groups limits (see 
few-group parameters) 
10.8 Start Directive (STA) 
Card 1 FORMAT (A3) 
cols. 1 - 3 Specify the word STA, which causes the computation 
to start 
10.9 End Directive (END) 
Card 1 FORMAT (A3) 
cols. 1 - 3 Specify the word END, which causes the computation 
to end. This card should be the last data card. 
11. CODE DIAGNOSTICS 
The HEROIC code gives several diagnostic as output, for some input 
errors. Some diagnostics are self-explanatory. The list is following: 
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a) ILLEGAL DIRECTIVE IN DATA : (Subr. INDAT) 
A non­existent directive word is given. 
b) PROGRAM ERROR STOP 1000: (Subr. INDAT and INLIB) 
A moderator isotope asked, is not included in the thermal 
library or is not included for the temperature asked. 
c) PROGRAM ERROR STOP 1001: (Subr. INLIB) 
An isotope asked is not included in the fast and epithermal 
library. 
d) PROGRAM ERROR STOP 1002: (Subr. INLIB) 
An isotope asked as resonant (IRIS = 1, see word MAT Card 3) 
is not included in the resonance integrals coefficients 
library. 
e) PROGRAM ERROR STOP 1003: (Subr. INLIB) 
The density gives for the U238 (see word MAT Card 4) es equal 
to zero. 
f) ALL REGIONS ARE NOT ASSIGNED A MATERIAL: (Subr. CLUCOP) 
A control is necessary for the data block ASS. 
g) NEGATIVE VOLUME NOT PERMITTED: (Subr. CLUCOP) 
*. control is necessary for the data block GEO. 
h) ERROR IN GEOMETRY SPECIFICATION: (Subr. GEOM) 
As for the preceding diagnostic, 
i) PROGRAM ERROR STOP 1004: (Subr. RISON) 
As for the STOP 1002. 
1) PROGRAM ERROR STOP 1005: (Subr. RISON) 
As for the STOP 1002 
m) **♦» THERMAL FLUX SPECTRUM CALCULATION HAS NOT CONVERGED. 
PLEASE TRY WITH A GREATER VALUE OF EPS****(see word ALB Card 2) 
If some diagnostic is printed out, the calculation is stoped for 
the present case, but the code starts the successive case, if 
there is. 
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12. OUTPUT LIST 
If NOP = 1 (see word ACC Card 2) a complete output is given 
(about 6000 lines). 
If NOP = 0 a reduced output is given (about 1000 lines). 
See the flow-diagram for the contents of two output types, which 
is, in any case, self-explanatory. 
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Library 1 « 
SENTAB 

















bytes 284.000 r 










Library 3 a « a 
bvtes 276.000 * 
bytes 191.000 * 
• Library 1 - STCLOK .IHCFCVTH . IHCFCOMH . IHCUOPT , IHCTRCH , 1HCSL0G, 
IHCSEXP, IHCFRXPR , IHCFRXPI . IHCSSORT . IHCFIOSH .IHCUATBL . 
IHCFINTH 
■ a Library 2 - IHCFEXIT,IHCSSCN , IHCSATN2 , IHCFSLIT .IHCSASCN 
a a a Library 3 - BESI* , BESK« , BIO* « BI1« , BKO* , BK1* 
14·. FLOW DIAGRAM 
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( START " ) 








INDAT , LES 
WRITE 













































INLIB , STØP 
INLIB 
INLIB, STOP. PIN 
Ç V O , D Y O T P .PE S E N ,T 
»RESENT 
i v o i d ' M - H » INLIB 
= 0 
WRITE 




































ON UNIT 11 
PRESENT ^ r-
COMPUTE 




T O P * * »PRESENT 
COMPUTE 
P¡¡ (WITHOUT VOC 
REGIONS ) IN 
BLACK LIMITS 
DELI ,DEL3 





















Z$. ?E f (INCLUDING 
RESONANCE) 
\ WRITE / 
\ EXTPR/ "IT' 
IlotfcSAÍKIfiíSe 
RESONANCE 
\ W R I T E 7 
\ E INCLUDING/ 
XRESONANCES/ ; Γ—-
RISCN ,GABY .STOP 
RISON 
GROUPS 




iFROM UNIT 11 
COMPUTE 
P¡jk K =1.39 GR. 
WITH VOID REG. 
PRESENT / X NOT PRESENT f VOID) ■—*-
COMPUTE 
PVjk K =1,39 GR. 
































( REGION . FUEL , 
MODERATOR AND 
C E L L - AVERAGED ) 








RATE FOR ISOTOPES 
FROM 232 TO 242 AND 








( e . p ,f .ψ ,Κ«,, ecc.) 













VA28 · lCR <RCR/ CRITIC 
COMPUTE 
NEUTRON BALANCE 
FOR oo REACTOR 
WRITE 
VNEUTRON BALANCE 



















NE UTRON BALANCE 
FOR FINITE REACTOR, 














INEUTRON BALANCE FOR 
FINITE REACTOR . 
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51 52 53 54 55 56 57 58 59 5C 5152 53 54 53 56 57 58 39 70 71 72 73 74 75 76 77 78 79 Κ 
-
?85I SYSl.CMPLIB PASSED 16· SAMPLE CASE OUTPUT »851 VOL SER NOS= EURSYO. IB5Ì SYSOUT SYSOUT »851 VOL SER NOS = 
' 8 5 1 SYS1.FORTLI8 KEPT 2851 VOL SER NOS = EURSYO. »851 SYS1.L IB KFPT »851 VOL SER NOS = EURSY2. »851 SYS1.SSPLIB KEPT »851 VOL SER NOS = EÜRSY2. 
»851 SYS69101 .T125507 .RP001 .P INOCCHI .R0000290 DELETED »851 VOL SER NOS= EURSYO. 
Î 8 5 I SYS691O1.T125507.RP001.PINOCCHI.GOSET PASSED 
' 8 5 1 VOL SER NOS= EURSY3. 
' 8 5 1 SYS69101.T1255Ö7.RP001.PINOCCHI.GOSET PASSED 
»851 VOL SER NOS= EURSY3. 
LKFD D 4 T E » 6 9 . 0 A . l l 3 E G . Τ . = 1 7 . 0 2 4 DURATION=0.007 N.0PER=463 
n q r _ n E X E C PGM=*.*STEL.LKED.SYSLMOD,COND=(*GL,LT,+STEL.LKED) 00032120 
■ Q3E59J 0 D OONAME=SYSIN 00032130 
3 β DO SYSUUT-A R 00032140 EOJU DD UNIT=SYSCP,LABEL=(,NL) ,DISP=(MOD,PASS),PSNAME=PUNCH1, C00O3215O 
rsuDUMP DO ^ f f l E T : A S E R = P U N C H 1 SSSli l^S 
2 .F I09EOÍU P D Q f i l j E ^ C 
„ „ , _ „ DCBfe(,RËCFr1=VB,LR;ECL=80o;BLKSlZE = e04,nEN=2» 
}«FT1QFQP1 p P u ^ ^ t J ^ j ! ; L I : ^ ^ l ] l l N I T T = ? 3 1 4 ^ P A C E = tr-YI • l 7 · 1 " · c 
J tFT l lFOO? DP^p^AñF=>AySl [NJ0,ÜNIT=2314,SPACF = (CYL. ( 5 . 1 1 ) ) . C 
!). SYSIN DD *' ~ »361 ALLOC. FOR PINOCCHI GO 8 >37I JOBLIB ON ICO ? 371 PGM=*.DD ON 232 2371 FT05F001 ON OOC »371 FT07F001 ON OOD »371 FT09F001 ON 333 »371 FT10F001 ON 230 2371 FT11F001 ON 231 
o 
* * * * * H E R O I C HETEROGENEOUS REACTOR ON I N I T I A L COLLISION CALCULATION * * * * * 
r/25.2 D20 / D20 99.73 / PASSO 20 CM. 
1BER OF REGIONS = 14 
) IAL SUB-DIVISIONS OF RODS 
) TYPE ) RADI I 1 .26000 1 .37500 
) CIRCLE RADIUS START POS. NR OF RODS ROD TYPES NS NF RHO ' 0 . 0 0 . 0 1 1 0 0 0 13 .S4000 2 2 . 9 5 0 0 0 0 . 0 6 1 0 0 0 1.3."54000 
Ì - D I V I S I O N S U N N U L I ) I N COOLANT ZONF ANO MODERATOR ZONE 
) I I 1 . 5 4 8 9 0 3 . 0 0 0 0 0 4-,40000 4 . 5 5 0 0 0 4 . 7 5 0 0 0 5 . 0 5 0 0 0 5 . 2 0 0 0 0 7 . 2 0 0 0 0 Q. 20000 1 1 . 2 8 3 8 0 
TFGRATION SECTOR = 3 0 . 0 0 
'FRIMENTAL BUCKLING = 3 . 9 2 0 0 E - 0 4 
1PERATURES AND ATOMIC DENSITIES OF PURF MATERIALS 
rERIAL 1 
4 . ( C ) 27 
)01 0 . 0 )12 3 . 2 6 2 0 E - 0 2 ?35 2 . 3 6 6 2 E - 0 4 »38 3 . 2 3 8 3 E - 0 2 D16 0 . 0 27 0 . 0 )02 0 . 0 6? 1 . 0 0 0 0 E - 0 9 
2 
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0 . 0 0 . 0 0 . 0 0 . 0 3 .3876Γ -5 .8948E-0 . 0 1 .0000Γ-
-03 -02 
- 0 ^ 






1 .7932C-04 0 . 0 0 . 0 0 . 0 3 . 3 2 0 8 F - 0 2 0 . 0 6 . 6 2 3 6 E - 0 2 1 .0000E-09 
I—I 
I 
ΓΡUT INDICATOR(COLL) = 0 
:URACY OF INTEGRATION INTERVAL 0.0 ­ 4.55000 10 INTEGRATION LINES 
iBER OF GAUSSPOINTS = 2 
IRER OF INTEGRATION ANGLES 2 
ÌEDO BETA = 1.00000 
JTRON DENSITY CONVERGENCE CRITERION FDR THERMAL FLUX CALCULATION = 0.00010 
VCT10N RATES ARE REQUESTED FOR FOLLOWING COMBINATIONS OF REGIONS 
1BINATI0N 1 REG. 1­11 1BINATI0N 2 REG. 12­14 
Í­GR0UP PARAMETERS ARE REQUESTED FOR FOLLOWING COMBINATIONS AND GROUPS 
1BINATI0N 1 GROUPS 1­ 9 1BINATI0N 2 GROUPS 10­39 
ÎRESSIVE TIME(SEC) AT THE END OF INDAT = 1.480 
GRESSIVE TIME(SEC) AT THE END OF REGION = 22.840 
SRESSIVE TIME(SEC) AT THE OND OF AR^A = 22.840 
GRESSIVE TIME(SEC) AT THE END OF GEOM = 27.300 
GRESSIVE TIME(SEC) AT THE END OF BOUND = 27.320 
NCOFF COEFFICIENT FOR THE FUEL IN THF CLUSTER = 3.9092E-01 
UARE ROOT S/M = 2.6214Ë-0] 
GRESSIVE TIME(SEC) AT THE END OF RISON = 27.640 
SRESSIVE TIME(SEC) AT THE END OF GROUPS = 27.740 
GRESSIVE TIME!SEC.) AT THE END OF GLUCOP = 27.760 
GRESSIVE TIME(SEC) AT THF END OF BOUND! = 312.800 
GRESSIVE TIME(SEC) AT THF END OF COLLIS = 313.180 
FFUSIOM CO EFFICIENT S(CELL-AVERAGED) 




»138E-01 5.0394E-02 8.5985F-02 1.6171E 00 2.4617E-01 1.9419E-01 4.6372E-01 1.1686E-01 1.5226E-01 2.2257E-01 
058E-01 1.2923E 00 1.1648E 00 1.3281E 00 
IUP 2 
.787E-01 1.0043E-01 1.6765E-01 2.<*795E 00 4.8753E-01 3.8792F-01 9.9686E-01 2.6003E-01 3.4406E-01 5.1352E-01 
>071E-01 3.2905E 00 3.1423F 00 3.5252E 00 
IUP 3 
>899E-01 3.1969E-02 5.3865E-02 9.1167E-01. 1.6959E-01 1.2912E-01 3.9013E-01 1.0978E-01 1.4840E-01 2.2830E-01 
1781E-01 1.7552E 00 1.9930E 00 2.3925E 00 
)UP 4 
Ï036E-01 5.5624E-02 9.4749E-02 1.7327E 00 3.2816E-01 2.2999E-01 8.1774E-01 2.4861E-01 3.4542E-01 5.4331E-01 
Ì429E-01 4.5002E 00 5.7431E 00 7.3210E 00 
IUP 5 
H43E-01 2.7438E-02 4.6135E-02 8.6952E-01 1.6959E-0) 1.1235E-01 4.1730E-01 1.2899E-01 1.7916E-01 2.8388E-01 
V869F-01 2.4202E 00 3.2044F 00 4.1573E 00 
3UP 6 
H07E-02 1.2535E-02 2 . Î085E-02 4.0160E-01 7.9265F-02 5.1588E-02 1.9707E-01 6.1563E-02 8.5663E-02 1.3605E-01 
L335E-02 1.1722E 00 1.5743E 00 2.0564E 00 
IUP 7 
»694E-02 5.1971E-03 8.7809E-03 1.6944E-01 3.5018E-02 2.1882E-02 9.0212E-02 2.8817E-02 4.0274E-02 6.4260E-02 
J781F-02 5.6542E-01 7.7196E-01 1.0138E 00 
IUP 8 
»520F-02 1.0472E-02 1.7623E-02 3.4342E-01 6.9737E-02 4.3605E-02 1.7725E-01 5.6485E-02 7.8877E-02 1.2580E-01 
S102E-02 1.1045E 00 1.5131E 00 1.9923E 00 
3UP 9 
L859E-02 1.4397E-02 2.4226E-02 4.7625E-0) 9.7526E-02 6.0124E-02 2.4955E-01 8.0063E-02 1.1193E-01 1.7877E-01 
J991E-02 1.5795E 00 2.1814F 00 2.8830E 00 
DUP 10 
Φ-oo 
Hill-ZI Χ'Λ17Ϊϊί-°θί i\llWf-°o\ \:lìWf-°o\ 2 · 9 4 3 ^ - 0 2 L8832E-02 7.2536E-O2 2.2795F-O2 3.I735E-O2 5.0469E-02 
IUP 11 
ί | ° Ι = θ ! ulìlìl-oì 2:2268E = 01 Ι Γ Ι Μ Ι Ι ^ Ο Ι l * 1 2 9 0 E - ° 2 7.3063E-03 2.7553E-02 8.5Q84E-03 1.1951E-02 1.8984E-02 
IUP 12 
ΙδίΐΈ-οί 8*.9849E-02 1*.2234Ε-01 l.*6119E=01 6 * 0 9 8 5 F - ° 3 3.94 74E-03 1.5032E-02 4.7055F-03 6.5471E-03 1.0402E-02 
IUP 13 
lllll-oì X'AUÌÌ-OZ l'MW-°02 ÌUXllì-oì 3 ' 1 6 2 8 F ­ ° 3 2.0263E­03 7.8940E­03 2.4867F­0* 3.4638E­03 5.5121E­03 
IUP 14 
llìl-ol X'Asolì~02 Ì'ÀÌUE-OÌ l'.lîToE-OZ 2 · 7 4 3 3 Ε " 0 3 1·7515Ε-03 6.8254E-03 2.1494F-03 2.9927E-03 4.7643E-03 
IUP 15 
<ÌÌU-0Ì l l K o í f c o í 2 * . 9 2 6 6 Ε : 0 2 ^ i s E - o l 1 ^ U 0 E - ° 3 9.0085Ε-04 3.5165E-03 1.1082E-03 1.5435E-03 2.4570F-03 
IUP 16 
.îîl|:8î l'.Watlì l:ïî8ïi:8î ï: l!8il:81 , ·4 3 5 2 Ε -°3 *·Μ**-<» 3.5793Ε-03 Ι . Ι2 8 3Ε-03 Ι.5717Ε-<» 2.5ΟΙ9Ε-Ο3 
IUP 17 
ìllì-θΐ Ì'.ÌÌUÌ'OZ lÚilotlz l^lìtì-lì Κ 4 6 0 7 Ε ­ ° 3 9.3303Ε­04 3.6460Ε­03 1.1496Ε­03 1.6017Ε­03 2.5494Ε­03 
IUP 18 
!531Ε-03 2*.9076Ε-02 3*.9735Ε-02 5*.2393Ε-02 K 9 3 0 3 E " 0 3 1-2335Ε-03 4.7927Ε-03 1.5083Ε-03 2.1001Ε-03 3.3423Ε-03 
IUP 19 
ΪΪΙΙ^οΙ l\%llk\-02 ÌUÌÌlì'02 l\lXlìì-02 1 · 9 7 4 * 6 " 0 3 L2623E­03 4.8955Ε­03 1.5399Ε­03 2.1438Ε­03 3.4116Ε­03 
IUP 20 
Φ-
965E-03 3*6397E-02 4*9716E-02 6*5547E-02 2 * A 2 4 8 E ~ 0 3 1-5518E-03 6.0116E-03 1.8905E-03 2.6321E-03 4.1879E-03 
UP 21 
?2?I~82 W 2 1 2 l " f f ê 1 - 3 0 8 1 E - 0 3 2.5259E-02 4 . 9 9 6 5 E - 0 3 3.2000E-03 1.2429E-02 3.9124E-03 5.4496E-03 8.6703E-03 481E-03 7.5359E-02 1.0296E-01 1.3575E-01 
IUP 22 
964E-02 1:3062E=01 l l ì ì l ì ì - o ì 5'ΛΧβ9Έ-θί 2 · 2 0 5 5 Ε - ° 2 1 .Ή39Ε-02 5.4685E-02 1.7188E-02 2.3929E-02 3.8067E-02 
IUP 23 
IT-SÉ'Rl ì'ìl%l%-°rà Z'%%lb,l-?S Vì\lìl-°r} 2.8129E-02 1.7995E-02 6.9930E-02 2.2006F-02 3.0644E-02 4.8766E-02 579E-02 4.2420E-01 5.7941E-01 7.6379E-01 
HIP 24 
? 9 ? Ì ' S Ì l'IWU'lì $-2βΑ2Ε-03 8.2383E-02 1.6465E-02 1.0475E-02 4.1146E-02 1.2988E-02 1.8096E-02 2.8818E-02 121E-02 2.5147E-01 3.4413E-01 4.5383E-01 
IUP 25 
ÎS| :8 Î ÌIÌHÌI-U Î : Ï Î Î Î | :8 Î UtXìl-ol 1 · ^ 9 5 Ε - ° 2 9·2"«-03 3.7052Ε-02 1.1762Ε-02 1.6406Ε-02 2.6159Ε-02 ¿ 
IUP 26 ' 
317Ε-02 l l 7 3 2 7 E - 0 1 2*3892Ε-01 3*?576Ε-01 1 * 0 8 6 7 E ~ 0 2 6.7659Ε-03 2.7613Ε-02 8.8120Ε-03 1.2303Ε-02 1.9640Ε-02 
IUP 27 
ìlìì-02 2:0483Ε-01 I ISIASI-OÎ Ι Γ Τ Ι Ϊ Ι Ι - Ο Ϊ 1#2638E~02 7.7938E-03 3.2297E-02 1.0353E-02 1.4466E-02 2.3115E-02 
UP 28 
ISZI'S2. h%lVÅ~9S ^'ììlM'^ì 9'ZH2|-S2 2.0095E-02 1.228IE-02 5.1312E-02 1.6495E-02 2.3054E-02 3.6870E-02 
379E-02 3.2796E-01 4.5604E-01 6.0473E-01 
UP 29 
¿¿HIS! l:Ulìl-°0l tUìll-fl l : ! ! í | Í"8è * · 1 5 1 2 Ε - ° 2 2.4807Ε-02 1.0682Ε-01 3.468βΕ-02 4.8571Ε-02 7.7840Ε-02 
UP 30 
229Ε-02 1.6848E-02 2.8312Ε-02 5.8143Ε-01 1.2355Ε-01 7.1287Ε-02 3.2352Ε-01 1.0687Ε-01 1.5022Ε-01 2.4141Ε-01 
716E-01 2.1999E 00 3.1600F 00 4.2528E 00 
UP 31 
"81=81 Î : î l î8f '8? 1:?SÍSÊ~8S IrSSIUfiè 6 - 2 5 6 5 F - ° 2 3.5202E-02 I . 6 67IE­OI 5.5747E-02 7.8595E-02 Ι . 2 6 5 5 Ε ­ Ο Ι 
UP 32 
IBI-SÌ ì:iìÌU~H l'ÀlìlVU lUìlffVo ] · 5 7 5 8 Ε ­ 0 1 8.6243Ε­02 4.2420Ε­01 1.432­Ε­01 2.0237Ε­01 3.2648Ε­01 
UP 33 
ì\ol-l\ Ι : 6 7 4 4 Ε " Ο Ο ÌUIÌÌE'OO ϊ ΐ ϊ ί η ΐ ' ο ο , ' 8 1 0 8 F - ° 1 9.5099Ε-02 4.9720F-01 1.7040F-01 2.4133Ε-01 3.9037Ε-01 
UP 34 
O o l i t i 2 : Ì 7 4 9 E " 0 0 3^2555Ε~00 Χ'ΛΙΙΙΪ'οΟ 1 * 0 1 2 < ? F - ° 1 5.1076E-02 2.8454E-01 9.8°99E-02 1.4071E-01 2.2814E-01 
UP 35 
llll-SÎ î:è8SI"8? 1:5 8?16Ε"8Ι k m H ^ O ^ 7 0 8 5 E ­ ° 2 2 .3071F­02 Ι.3447Ε­ΟΙ 4.7287Ε­02 6.7397Ε­02 1.0944Ε­01 ^ 
UP 36 ^ 
ι 
1111 = 8? VlìXll'ìl l:ÌaItl_8§ Ι ' .^ ίΓοΟ 9 ·1 8 2°Ε-°2 4.3045Ε-02 2.6870Ε-01 9.5926Ε-02 1.3724Ε-01 2.2332Ε-01 
UP 37 
162Ε=02 Ι ' .όΙόϋ^ΟΙ 1."3254Ε_00 Î I B I Ô I E ' O O 3 * 3 5 4 3 Ε " 0 2 1·*691Ε­02 1.0184Ε­01 3.7120Ε­02 5.3380Ε­02 8.7108Ε­02 
UP 38 
9?9Ε=02 6 : 2 3 0 9 ^ 0 1 9 * . 6 6 4 7 Ε : 0 1 Ϊ :3342Ε~8θ 2 * 2 3 4 1 E " 0 2 9.1098Ε-03 7.0614Ε-02 2.6252Ε-02 3.7934Ε-02 6.2070Ε-02 
UP 39 
Oeîf:81 Irîieol­oÎ XÛXXII-OÎ ì'.tlì^ì 8 · 8 0 9 5 Ε ­ ° 3 3­3236E­03 2.9359E­O2 1.1138E­02 1.6168E­02 2.6548E­02 
TICALITY 
MULTIPLICATION FACTOR 1.041061E 00 
NANCE ESCAPE PROBABILITY 8.337727E­01 
RMAL UTILISATION FACTOR 9.477757E-01 RMAL FISSION FACTOR 1.307422E OO RMAL MULTIPLICATION FACTOR 1.239142E OO THERMAL MULTIPLICATION FACT. 9.284109E-02 
INITE MULTIPLICATION FACTOR 1.091651E OO 










. 1 0 
. 1 1 
. 1 2 
. 1 3 






0 . 0 
0 . 0 
7 .7379E· 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
8 .1297E· 
0 . 0 
8 .1297E· 
28 






0 . 0 
0 . 0 
1 .0551E 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
1 .0694E 








0 . 0 
0 . 0 
5 .5043E-
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
4 .8606E-



























































9 5 0 7 E - 0 3 
8 9 2 1 E - 0 3 
3825E-03 
7 2 6 5 E - 0 3 
9 0 5 6 E - 0 3 











7 7 5 0 E - 0 4 
7 5 6 3 E - 0 4 
8 6 2 0 E - 0 4 
8066E-04 
2 5 6 8 E - 0 4 
9 3 5 2 E - 0 4 
5 8 7 8 E - 0 4 
1763E-04 
4 8 4 4 E - 0 3 
4738E-03 
2784E-03 
7 5 7 6 E - 0 3 
7 3 0 2 E - 0 3 




2 6 9 8 E - 0 4 
5 6 5 1 E - 0 4 
4 5 9 0 E - 0 2 
1862E-02 
8201E-02 
4 6 5 2 E - 0 2 
ABSOR. 
3 . 8 6 0 4 E - 0 2 
2 . 0 4 7 0 E - 0 2 
1 . 1 7 0 2 E - 0 2 
3 . 7 6 5 9 E - 0 2 
2 . 4 3 2 8 E - 0 2 
1 . 6 8 6 6 E - 0 2 
1 . 7 6 1 2 E - 0 2 
2 . 4 9 3 1 E - 0 2 
3 . 9 9 5 6 E - 0 2 
3 . 0 5 1 4 E - 0 3 
1 . 5 4 4 6 E - 0 3 
9 . 5 8 3 6 E - 0 4 
7 . 4 0 3 6 E - 0 4 
7 . 2 0 5 2 E - 0 4 
3 . 5 1 0 1 E - 0 4 
3 . 4 3 5 9 E - 0 4 
3 . 3 5 7 4 E - 0 4 
4 . 2 2 0 8 E - 0 4 
4 . 0 4 6 3 E - 0 4 
4 . 6 2 2 7 E - 0 4 
9 . 3 3 7 5 E - 0 4 
4 . 1 6 9 1 E - 0 3 
6 . 2 6 8 0 E - 0 3 
4 . 6 4 1 0 E - 0 3 
5 . 1 1 4 9 E - 0 3 
4 . 6 0 0 3 E - 0 3 
5 . 9 8 6 2 E - 0 3 
9 . 4 8 4 3 E - 0 3 
2 . 0 1 5 2 E - 0 2 
7 . 1 9 1 7 E - 0 2 
4 . 1 1 8 8 E - 0 2 
1 . 1 8 4 0 E - 0 1 
1 . 6 3 0 4 E - 0 1 
1 . 0 6 7 9 E - 0 1 
5 . 4 6 0 7 E - 0 2 
1 . 2 2 0 1 E - 0 1 
5 . 3 3 1 1 E - 0 2 
4 . 2 3 4 7 E - 0 2 
2 . 3 7 3 0 E - 0 2 
5 . 9 0 7 4 E - 0 2 
1 . 7 3 0 5 E - 0 1 
8 . 6 8 0 3 E - 0 1 
1 .1002E OO 
PROD. 
1 . 0 1 7 6 E - 0 1 
4 . 6 4 1 9 E - 0 3 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
2 . 1 5 2 8 E - 0 3 
6 . 9 U 5 E - 0 3 
7 . 0 0 2 1 F - 0 3 
1 .6232E-03 
7 . 8 0 2 5 E - 0 4 
8 . 1 1 3 5 E - 0 4 
8 . 3 8 8 7 E - 0 4 
3 . 6 5 3 2 E - 0 4 
4 . 1 6 5 1 E - 0 4 
4 . 0 7 8 8 E - 0 4 
3 . 9 9 0 7 E - 0 4 
4 . 9 8 9 6 E - 0 4 
4 . 6 5 4 0 E - 0 4 
4 . 9 8 4 0 E - 0 4 
9 . 6 3 9 9 E - 0 4 
4 . 1 1 8 6 E - 0 3 
6 . 3 2 7 3 E - 0 3 
5 . 1 5 7 1 E - 0 3 
6 . 1 8 8 2 E - 0 3 
5 . 9 0 9 7 E - 0 3 
7 . 7 1 6 0 E - 0 3 
1 . 1 6 0 5 E - 0 2 
2 . 3 6 6 0 E - 0 2 
8 . 6 0 3 6 E - 0 2 
5 . 0 0 4 1 E - 0 2 
1 . 4 6 0 3 E - 0 1 
2 . 0 4 3 9 E - 0 1 
1 . 3 5 0 7 E - 0 1 
6 . 9 1 9 3 E - 0 2 
1 . 5 4 9 6 E - 0 1 
6 . 7 6 8 4 E - 0 2 
5 . 3 4 7 0 E - 0 2 
2 . 9 4 8 8 E - 0 2 
9 . 8 8 8 8 E - 0 2 
1 .6066E-02 
1 .0756E 00 
1 .1906E 00 
SCATT.OUT 
6 . 3 2 8 9 E - 0 1 
1 .0174E 00 
9 . 3 4 2 4 E - 0 1 
9 . 9 1 3 0 E - 0 1 
9 . 6 1 7 1 E - 0 1 
7 . 7 9 4 1 E - 0 1 
5 . 2 1 5 9 E - 0 1 
7 . 4 3 2 0 E - 0 1 
8 . 2 1 0 5 E - 0 1 
4 . 1 3 5 8 E - 0 1 
2 . 1 2 3 0 E - 0 1 
1 . 2 5 2 8 E - 0 1 
7 . 1 7 7 6 E - 0 2 
6 . 0 8 7 7 E - 0 2 
3 . 2 7 0 1 E - 0 2 
3 . 3 3 7 6 E - 0 2 
3 . 4 0 7 4 E - 0 2 
4 . 4 3 2 0 E - 0 2 
4 . 5 4 1 5 E - 0 2 
5 . 5 2 4 8 E - 0 2 
1 . 0 7 8 7 E - 0 1 
3 . 3 4 0 5 E - 0 1 
3 . 9 8 6 3 E - 0 1 
2 . 8 6 2 7 E - 0 1 
2 . 7 2 4 3 E - 0 1 
2 . 2 1 7 7 E - 0 1 
2 . 5 3 1 5 E - 0 1 
3 . 6 4 0 0 E - 0 1 
6 . 9 2 3 1 E - 0 1 
2 .0622E 00 
1.7281E 00 
3 .4042E 00 
4 . 1 2 1 4 E 00 
3 .3902E 00 
2 .0636E 00 
3 .3330E 00 
1.8141E 00 
1.3352E 00 
6 . 4 3 9 5 E - 0 1 
1.6503E 00 
5 .7525E 00 
2 .7955E 01 
3 .5358E 01 
FLUX 
1 .8341E-02 
4 . 2 5 6 0 E - 0 2 
2 . 1 5 0 1 E - 0 2 
5 . 6 3 3 8 E - 0 2 
3 . 0 7 6 6 E - 0 2 
1 .4962E-02 
7 . 1 8 6 4 E - 0 3 
1 .4130E-02 
2 . 0 2 5 6 E - 0 2 
5 . 6 6 0 4 E - 0 3 
2 . 1 1 9 4 E - 0 3 
1 . 1 6 1 1 E - 0 3 
6 . 1 7 9 7 E - 0 4 
5 . 3 4 8 1 E - 0 4 
2 . 7 5 7 3 E - 0 4 
2 . 8 0 7 3 E - 0 4 
2 . 8 5 9 8 E - 0 4 
3 . 7 4 8 6 E - 0 4 
3 . 8 2 5 7 E - 0 4 
4 . 6 9 4 2 E - 0 4 
9 . 7 1 5 2 E - 0 4 
4 . 2 6 3 4 E - 0 3 
5 . 4 6 5 8 E - 0 3 
3 . 2 3 6 6 E - 0 3 
2 . 9 5 0 8 E - 0 3 
2 . 2 2 4 6 E - 0 3 
2 . 6 2 9 4 E - 0 3 
4 . 2 1 9 5 E - 0 3 
9 . 0 4 3 9 E - 0 3 
2 . 8 6 6 4 E - 0 2 
1 .5211E-02 
3 . 9 7 1 4 E - 0 2 
4 . 8 1 4 8 E - 0 2 
2 . 8 5 4 0 E - 0 2 
1 .3829E-02 
2 . 8 5 9 3 E - 0 2 
1 .1332E-02 
8 . 1 8 3 4 E - 0 3 
3 . 5 5 6 0 E - 0 3 
6 . 0 9 0 1 E - 0 2 
1 . 6 5 1 4 E - 0 1 
2 . 7 2 9 4 E - 0 1 
4 . 9 8 9 8 E - 0 1 
FLUX*VOL. 
7.3364E 00 1.7024E 01 8.6003E 00 2.2535E 01 1.2306E 01 5.9848E 00 2.8746E 00 5.6518E 00 8.1025E 00 2.2642E 00 8.4778E-01 4.6445E-01 2.4719E-01 2.1392E-01 1.1029E-01 1.1229E-01 1.1439E-01 1.4994E-01 1.5303E-01 1.8777E-01 3.8861E-01 1.7053E 00 2.1863E 00 1.2946E 00 1.1803E 00 8.8984E-01 1.0518E 00 1.6878E 00 3.6175E 00 1.1466E 01 6.0843E 00 1.5886E 01 1.9259E 01 1.1416E 01 5.5316E 00 1.1437E 01 4.5328E 00 3.2734E 00 1.4224E 00 2.4360E 01 6.6056E 01 1.0918E 02 1.9959E 02 
oo 





1- 9 10-39 
DIFF.COEFF. 







«FER KERNEL BETWEEN BROAD GROUPS 
FROM 1 2 
1 2.7565E-01 
2 2.4874E-03 3.0522E-01 
ERATOR-AVERAGED 











MSFER KERNEL BETWEEN BROAD GROUPS 
FROM 1 2 
1 2.5150E-01 
2 1.2285E-02 3.9048E-01 
L-AVERAGED 




1.3106E 00 8.9261E-01 
ABSORPTION 





NSFER KERNEL BETWEEN BROAD GROUPS 
FROM 1 2 
2.5812E-01 
9.6003E-03 3.8474E-01 
RON BALANCE FOR F I N I T E REACTOR 
2 9 19 19 
2. 2. 1. 3. 2. 1. 4. 9. 1. 4. 1. 8. 4. 3. 1. 1. 1. 2. 2. 3. 6. 2. 3. 1. 1. 1. 1. 2. 5. 1. 7. 1. 2. 1. 5. 1. 3. 2. 8. 5. 1. 1. 2. 
LEAKAGE 
2954E OO 8028E OO 4340E OO 9008E OO 0972E 00 0156E 00 8463E-01 5339E-01 3603E 00 2343E-01 5050E-01 0164E-02 1983E-02 6039E-02 8509E-02 8779E-02 9078E-02 4948E-02 5317E-02 0880E-02 3303E-02 7090E-01 3820E-01 9818E-01 7942E-01 3456E-01 5730E-01 4660E-01 0474E-01 4986E 00 5978E-01 9150E 00 2346E 00 2239E 00 5286E-01 0483E 00 7272E-01 4105E-01 5057E-02 0982E 00 1246E 01 2895E 01 9238E 01 
ABSOR. 
1 .3052E 01 
7 .3545E 00 
4 . 1 9 2 2 E 00 
1 .3352E 01 
8 .5739E 00 
5 .9226E 00 
6 .1739E 00 
8 .7178E 00 
1.3917E 01 
1 .2420E 00 
5 . 9 5 9 1 E - 0 1 
3 . 5 9 0 8 E - 0 1 
2 . 7 3 8 1 E - 0 1 
2 . 6 4 4 8 E - 0 1 
1 . 2 8 2 1 E - 0 1 
1 . 2 5 0 8 E - 0 1 
1 . 2 1 8 1 E - 0 1 
1 . 5 2 8 4 E - 0 1 
1 . 4 5 9 5 E - 0 1 
1 . 6 6 0 3 E - 0 1 
3 . 3 3 0 1 E - 0 1 
1 .4561E 00 
2 .1495E 00 
1 .5839E 00 
1 .7458E 00 
1 .5731E 00 
2 .0525E 00 
3 .2591E 00 
6 . 8 5 2 4 E 00 
2 .4090E 01 
1 .3735E 01 
3 . 9 3 7 9 E 01 
5 .4134E 01 
3 .5431E 01 
1 .8112E 01 
4 . 0 4 6 0 E 01 
1 .7677E 01 
1 .4041E 01 
7 .8688E 00 
2 . 0 4 0 7 E 01 
6 .0849E 01 
2 .8951E 02 
3 .7076E 02 
PROD. 
3 .4407E 01 
1 .6678E 00 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
7 . 5 4 6 8 E - 0 1 
2 . 4 1 6 8 E 00 
2 . 4 3 8 8 E 00 
6 . 6 0 6 8 E - 0 1 
3 . 0 1 0 3 E - 0 1 
3 . 0 4 0 0 E - 0 1 
3 . 1 0 2 4 E - 0 1 
3 . 1 7 6 3 F - 0 1 
1 . 5 2 1 3 F - 0 1 
1 . 4 8 4 8 E - 0 1 
1 . 4 4 7 9 E - 0 1 
1 . 8 0 6 7 E - 0 1 
1 . 6 7 8 7 E - 0 1 
1 . 7 9 0 1 E - 0 1 
3 . 4 3 8 0 E - 0 1 
1 .4385E 00 
2 .1698E 00 
1 .7601F 00 
2 .1121E 00 
2 .0208E 00 
2 .6455E 00 
3 .9878E 00 
8 .0453E 00 
2 . 8 8 1 9 E 01 
1 .6687E 01 
4 . 8 5 6 8 E 01 
6 . 7 8 6 4 E 01 
4 . 4 8 1 2 E 01 
2 .2950E 01 
5 .1387E 01 
2 .2442E 01 
1 .7729E 01 
9 .7781E 00 
3 . 6 0 7 5 E 01 
5 .6103E 00 
3 .5843E 02 
4 . 0 0 1 1 E 02 
SCATT.OUT 
2.1398E 02 3.6554E 02 3.3470E 02 3.5147E 02 3.3893E 02 2.7370E 02 1.8284E 02 2.5988E 02 2.8597E 02 1.6833E 02 8.1907E 01 4.6940E 01 2.6545E 01 2.2346E 01 1.1945E 01 1.2150E 01 1.2362E 01 1.6048E 01 1.6381E 01 1.9843E 01 3.8473E 01 1.1667E 02 1.3670E 02 9.7703E 01 9.2985E 01 7.5835E 01 8.6797E 01 1.2508E 02 2.3540E 02 6.9076E 02 5.7628E 02 1.1322E 03 1.3684E 03 1.1248E 03 6.8446E 02 1.1053E 03 6.0149E 02 4.4272E 02 2.1353E 02 5.7952E 02 2.0275E 03 9.3803E 03 1.1987E 04 
FLUX 
6.2012E 00 1.5291E 01 7.7028E 00 1.9975E 01 1.0843E 01 5.2541E 00 2.5192E 00 4.9408E 00 7.0553E 00 2.3039E 00 8.1770E-01 4.3505E-01 2.2854E-01 1.9631E-01 1.0071E-01 1.0220E-01 1.0376E-01 1.3574E-01 1.3799E-01 1.6860E-01 3.4649E-01 1.4891E 00 1.8744E 00 1.1046E 00 1.0072E 00 7.6070E-01 9.0152E-01 1.4500E 00 3.0752E 00 9.6013E 00 5.0722E 00 1.3209E 01 1.5987E 01 9.4687E 00 4.5868E 00 9.4817E 00 
FLUX*VOL. 
3.7574E 2.7134E 00 00 1.1791E 00 2.1493E 01 5.8290E 01 9.1796E 01 1.7158E 02 
2.4805E 6.1166E 3.0811E 7.9899E 4.3371E 2.1016E 1.0077E 1.9763E 2.8221E 9.2156E 3.2708E 1.7402E 9.1418E 7.8525E 4.0285E 4.0879E 4.1503E 5.4295E 5.5198E 6.7441E 1.3859E 5.9562E 7.4976E 4.4185E 4.0286E 3.0428E 3.6061E 5.7998E 1.2301E 3.8405E 2.0289E 5.2836E 6.3946E 3.7875E 1.8347E 3.7927E 1.5030E 1.0854E 4.7166E 8.5970E 2.3316E 3.6718E 6.8631E 
03 03 03 03 03 03 03 03 03 02 02 02 01 01 01 01 01 01 01 01 02 02 02 02 02 02 02 02 03 03 03 03 03 03 03 03 03 03 02 03 04 04 04 
O 
IRIAL BUCKLING - EIGENVALUE = 3 . 9 3 4 9 E - 0 4 
:CTIVE MULTIPLICATION FACTOR = 1 .0003E 00 
ÍRESSIVE T I M E ( S E C ) AT THE END OF MAIN = 3 8 2 . 4 9 0 
2851 2851 2851 2851 2851 2851 2851 2851 2851 2851 2851 2851 2851 2851 2801 
GO 2851 2851 2851 2851 
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Isotope in HEROIC Library 
Thermal cross sections 
ELEM. 
H 







































































H in H O without 
transp.correction 
H in H o with 
transp.correction 

























































































































































































































































































































































































































































Computing times in minutes 
^"^v^lines 


























ILLUSTRATION OF THE ASSIGNING OF REGION NUMBERS 
Fig. I l l 
58 
ASSIGNING OF REGION NUMBERS FOR SAMPLE CASE 
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